Staining reactions characteristic of collagen and reticulin are found in pathologically altered glomeruli (1, 2) , and fibrils with the periodicity of collagen fibrils have been observed occasionally in electron micrographs of severely damaged glomerular tufts. However, as far as we are aware, fibrils have not been found by light or electron microscopy in the normal glomerular tuft, except at the hilus; and, in particular, no fibrils with the periodicity of collagen fibrils have been seen in the normal glomerular capillary basement membrane (3) (4) (5) (6) .
Hydroxyproline estimations are widely used as a measure of collagen because no other known animal protein contains appreciable amounts of this amino acid (7, 8) . Goodman, Greenspon and Krakower used sonic vibration to separate glomerular basement membrane from healthy canine glomeruli and found that the hydroxyproline content of their basement membrane preparations was 7 per cent (9) . They suggested, therefore, that glomerular capillary basement membrane contained a considerable amount of collagen. As their results appeared to conflict with the morphological evidence, the hydroxyproline content of the human glomerulus was reinvestigated, using a microdissection and microassay technique in which glomerular tufts were dissected out intact and free of Bowman's capsules for hydroxyproline assay.
METHODS
Portions of human kidney were obtained postmortem and were frozen rapidly in liquid nitrogen, as described * Supported by a contract from the Surgeon General's Office, U. S. Army (Contract no. DA-49-007-MD-637), and by a grant from the U. S. Public Health Service, National Institutes of Health, Bethesda, Md. (H-3912). 
RESULTS
The hydroxyproline concentration in glomeruli from seven healthy kidneys was measured (Table  I) . The patients had died of causes other than renal disease, and had had no clinical evidence of renal damage. Their kidneys were normal macroscopically and the glomeruli were within normal [5] 0.95 ±t 0.101 [3] 1.11 0.080 [10] 1.20 ±t 0. (Table I) . This is equivalent to 31.0 to 39.9 per cent of collagen.
The hydroxyproline concentration in the glomeruli of three abnormal kidneys was also measured (Table I) , and was found to be significantly increased in all. The highest hydroxyproline concentration was found in the glomeruli of a patient with severe diffuse and nodular diabetic glomerulosclerosis. The hydroxyproline concentration was also increased in the glomeruli of a patient with moderately severe nephrosclerosis and diffuse thickening of the glomerular basement membrane, and in the glomeruli from a patient with multiple myeloma and the adult Fanconi syndrome.
DISCUSSION
The results indicate that there are significant amounts of hydroxyproline in the normal glomerulus. The hydroxyproline concentration in the glomeruli studied was remarkably constant from one individual to another, despite the wide range of the ages (from 1 day to 84 years) of the subjects studied; there was no increase of hydroxyproline concentration with increasing age. The glomerular basement membrane of man increases in thickness from birth (approximately 950 A) to three years of age, when the adult thickness of 3,000 A is attained (14) . If the hydroxyproline is located in the glomerular basement membrane, the hydroxyproline content of the whole glomerulus might be expected to increase from birth to three years of age. However, it must be remembered that all elements of the glomeruli increase in weight during growth. Elsewhere we have shown that the average dry weight of 130 healthy glomeruli dissected out from 16 p sections was 42.1 mng in the adult (15) ; that of 106 healthy glomeruli similarly dissected out from 16 pu sections of kidney in infants (1 day to 5 months old) was 24.3 meg. This resolves partially the apparent contradiction between our chemical findings and the electron microscopic observations. Another factor may be a difference in shrinkage for material from infants and adults during osmium tetroxide fixation, alcohol dehydration, and embedding for electron microscopy.
The proportion of hydroxyproline was increased in certain pathological conditions of the glomerulus characterized histologically by thickening of the capillary basement membrane and vascular sclerosis. This finding was consistent with histological studies of the abnormal glomeruli, using the Mallory azan technique, in which an increased amount of blue staining material, typical of collagen, was found.
The only other reported chemical analysis of hydroxyproline in the glomerulus is that of Goodman and associates (9) . These authors obtained glomeruli in bulk by screening and centrifugation of the renal cortex. From the isolated glomeruli, glomerular basement membrane was obtained by sonic vibration; it was analyzed for hydroxyproline (6.9 to 7.5 per cent), collagen (79.6 to 83.6 per cent), and total nitrogen (11.4 to 12.3 per cent). Thus, they recorded a hydroxyproline content in isolated glomerular basement membrane approximately 6.5 times higher than that found in the present investigation in whole glomeruli (without capsule).
The presence of endothelial and epithelial cells in glomieruli prepared according to our method and their absence from the preparations analyzed bay Goodman and co-workers, partially explains the difference. However, the magnitude of the difference suggests that other factors may be important, such as solubilization of noncollagen protein during the isolation procedure used by these authors.
To elucidate this difference, whole glomeruli from a healthy male, aged 25 years (Table I) , were analyzed for hydroxyproline: 1) after isolation by screening and centrifugation by the technique of Goodman and associates (9) . followed by freeze-drying (3.23 ± 0.21 per cent) ; and 2) after dissection from frozen-dried sections ( 1.11 + 0.08 per cent). The threefold difference found in the two methods of preparation of the tissue for analysis is not likely to be due to the inclusion or omission of Bowman's capsules, since it has been shown that the hydroxyproline concentration in glonmeruli is not significantly different, whether or not the glomeruli are dissected free of Bowman's capsules before analysis (9) . It is explained most readily by solubilization of noncollagen protein during the wet isolation procedure. This view is supported by the ratio of collagen to total nitrogen in the experiments of Goodman and co-workers, which suggests that little or no noncollagen protein was present in the glomerular basement membrane preparations analyzed by them.
The absence of electron microscopic evidence of a fibrillar structure in the glomerular basement membrane might suggest that there is no collagen in this structure, and the demonstration of a hydroxyproline content of 1.109 per cent might appear to be in conflict with the electron microscopic observations. This apparent contradiction can be reconciled by assuming that the basement membrane contains a nonfibrillar, hydroxyproline-rich protein. This view is consistent with the solubility and enzymatic digestibility of Greenspon, Bollinger and Krakower's basement membrane preparation (16) .
Most electron microscopic studies of collagen have been made on material extracted from skin or tendon. Jackson has suggested that intracellular collagen is not fibrous and that it is excreted in this form into the extracellular spaces from which it can be extracted as a neutral salt-soluble collagen (17) . Both he and Gross (18) have shown that neutral salt-soluble collagen has the consistency of a gel in vitro, which at times may polymerize or precipitate spontaneously into typical collagen fibrils. Moreover, neutral salt-soluble collagen appears to be a precursor in -vivo of the form with 640 A banded fibrils (18) . Thus, the electron microscopic observations and the biochemical findings reported here could be reconciled by assuming that the normal glomerular basement membrane contains a nonfibrillar form of collagen similar to the neutral salt-extractable, soluble collagen of Jackson and Gross (17, 18) , and that the the fibrillar form is laid down only under pathological conditions. SUMMARY 1. The hydroxyproline concentration in glomerular tufts from nine healthy kidneys was measured, and was found to be 1.109 per cent of the dry weight. Its concentration was not related to the age of the subjects. In renal arcuate arteries the hydroxyproline concentration was 3.88 to 4.88 per cent of dry weight. In abnormal glomeruli from three subjects the hydroxyproline concentration was significantly higher than in normal glomeruli, the highest concentration being found in a case of diabetic nephropathy.
2. These findings indicate that collagen is present in the glomerular basement membranes. The absence of fibrils, which has been demonstrated by the electron microscope, suggests that the collagen is present in a form which is a precursor of that with 640 A banded fibrils. possibly neutral saltextractable collagen.
